REMARKS 

In the Office Action dated March 18, 2009, the Examiner indicates that the 

application contains claims directed to more than one species of the generic invention. 

Therefore, Applicants are required to elect a specific method of contacting a graft with an 

antibody selected from: 

in vivo contact, or 
in vitro contact* 

According to the Examiner, these species lack unity of invention because they are 
not so linked as to form a single general inventive concept under PCT Rule 13.1 . Specifically, 
the Examiner alleges that under PCT Rule 13.2, the above species lack the same or 
corresponding special technical features. The Examiner contends that the species lack unity of 
invention because even though the inventions require the technical feature of contacting a graft 
or a cell with an antibody that binds CD83, this technical feature is not a special technical feature 
as it does not make a contribution over the prior art in view of U*S. Patent No. 5,316,920. 
Therefore, the Examiner concludes that the present claims do not have a special technical feature 
when viewed over the prior art, and therefore do not represent a single general inventive concept. 

In order to be fiiiiy responsive to the Examiner's requirements for restriction, 
Applicants provisionally elect the species of method of contacting a graft with an antibody in 
vivo (i.e. in a subject). Applicants further submit that presently all pending claims (Claims 1 1- 
13, 15, 19 and 23) are generic relative to the elected species, and Claims 1 1, 12 and 15 
specifically recite the elected species (i,e. ''in a subject"). 

In addition, and in an effort to preempt farther piecemeal prosecution and 
unnecessary r^triction practice, Applicants have amended the claims and canceled others, 
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without prejudice. Specifically, Applicants have amended Claims 12, 13, 15 and 19 and 
canceled Claims 1-4, 6-10, 14, 16-18 and 20-22, Claim 23 has been newly added and finds 
support throughout the specification and particularly at original Claim 19, for example. No new 
matter has been added. Consistent with Claim 23, Claims 12, 13, 15 and 19 now are clarified to 
recite treatment or down-regulation of a bone-marrow graft in a subject* The amended claim set 
is fiiUy responsive to the present restriction requirement as all claims require the method to be 
carried out in a subject and thus are all drawn exclusively to in vivo methods. 

Moreover, and in an effort to expedite allowance of all pending claims, 
Applicants respectfiilly direct the Examiner's attention to the Office Action of August 19, 2008 
wherein claims 1 1, 13 and 19 were acknowledged to possess novelty. In the August 19, 2008 
Office Action, a rejection of the then-pending Claims 1-20 was raised under 35 U,S.C. § 103(a). 
The principal reference raised against the pending claims was U.S. Patent No. 5,316,920 
(hereinafter ''the '920 patenf ). In addition to the remarks presented in response to the 
Examiner's rejection, Applicants respectfiilly submit that a person of skill in the art would not 
have expected antibodies that target CD83 would be usefiil for treatment of bone marrow 
transplants as claimed. 

This is due, in part, to the unpredictable nature of antibody therapy. Simply 
because antibodies can be raised to a particular molecule, does not mean they have an immuno- 
beneficial effect. 

In support of this position, the Applicants refer to the example of CD40 
antibodies. The crucial role of CD40-CD40L interactions in immune and inflanmiatory 
responses made them promising target for treatment of pathological immuno-inflammatory 
processes. Blockade of CD40-CD40L interactions by means of specific CD40L monoclonal 
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antibodies had been described to successfully prevent allograft rejection in primates (Kirk 
et al,, "Treatment with Humanized Monoclonal Antibody Against CD 154 Prevents Acute Renal 
Allograft Rejection in Nonhmnan Primates", Nat, Med. 5fi5^:686"693 (1999)) and to be effective 
in animal models of autoimmune diseases (Kover KX. et aL, "Anti-CD 154 (CD40L) Prevents 
Recurrence of Diabetes in Islet Isografts in the DR-BB Rat", Diabetes 49(10):1666A670 (2000) 
and Howard L.M* et al*, *^Mechanisms of Immunotherapeutic Intervention by Anti"CD40L 
(CD154) Antibody in an Animal Model of Multiple Sclerosis", X Clin, Invest 1 03 (2):2Sl-290 
(1999)) and atherosclerosis (Mach F. et al., "Reduction of Atherosclerosis in Mice by Inhibition 
of CD40 Signalling", Nature 394(6689):200-203 (1998)). 

In himians, two different humanized CD40L monoclonal antibody clones were 
used in clinical trials for treatment of different autoimmune diseases (Kalunian K.C. et al., 
"Traetment of Systemic Lupus Erythematosus by Inhibition of T Cell Costimulation with Anti- 
CD 154: A Randomized, Double-Blind, Placebo-Controlled Trial", Arthritis Rheum. 
46(1 2):325U325S (2002)), Boumpas DX et al, "A Short Course of BG9588 (Anti-CD40 
Ligand Antibody) Improves Serologic Activity and Decreases Hematuria in Patients with 
Proliferative Lupus Glomerulonephritis", Arthritis Rheum. 48(3):7l9-727 (2003) and Kuwana 
M. et al, "Effect of a Single Injection of Humanized Anti-CD154 Monoclonal Antibody on the 
Platelet-Specific Autoimmune Response in Patients with Immune Thrombocytopenic Purpura", 
Blood 103(4):1229A236 (2004)). Although in some cohorts of patients certain protocols of 
CD40L immunotherapy appeared to be potentially effective, an unusually high incidence of 
thromboembolic complications was observed (Boump^ D.T^et al, "A Short Course of BG9588 
(Anti-CD40 Ligand Antibody) Improves Serologic Activity and Decreases Hematuria in Patients 
with Proliferative Lupus Glomerulonephritis", Arthritis Rheum. 48(3):7l9-727 (2003)), also 
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reported in CD40L mAb-treated primates subjected to allotransplantation studies (Kawai T. et 
alj "Thromboembolic Complications After Treatment with Monoclonal Antibody Against 
CD40 Ligand", Nat Med 6(2):l 14 (2000)). These results led to a halt in all ongoing trials . 

Thus, despite the fact that the CD40 molecule was known to be involved in 
immune and inflammatory responses, the antibody raised to CD40 did not have an immuno- 
beneficial effect. To the contrary, the antibody therapy caused deleterious effects. 

Applicants also refer to the well-known example of TGN1412, the CD28 antibody 
which was originally intended for the treatment of B cell chronic lymphocytic leukemic and 
rheumatoid arthritis. In March 2006, the first human clinical trials of TGN1412 resulted in 
systemic organ failure in subjects, despite being administered at a dosage --500 times lower than 
that deemed to be safe in animal trials. 

By contrast, the applicants submit that the inventors of this application 
surprisingly discovered that CD83 antibodies in fact ameliorate symptoms in patients with bone 
marrow grafts. They have now published results demonstrating the me of antibodies to CD83 to 
modulate graft activity (Wilson J. et aL, "Antibody to the Dendritic Cell Surface Activation 
Antigen CD83 Prevents Acute Graft-Versus-Host Disease", J. Exp, Med 206(2)3S7-39S (2009), 
attached as Exhibit 1). 

Furthermore, applicants also submit that the '920 patent is not enabling in view of 
the amended claims because it does not provide clear and adequate teaching for such methods 
and thus cannot render obvious the subject mater of the claims of that basis allowance. In 
support, the Applicants refer to Impax Laboratories Inc, v. Aventis Pharmaceutics Inc. 468 F3d 
1366 (Fed. Cir. 2006) aff d 545 F3d 1312 (Fed. Cir. 2008) mdlnRe Gleave Slip Op. 08-1453 
(Fed. Cir. 2009), both cases support the Applicants' position that without specific mention of 
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treatment methods for subjects with bone marrow grafts, and in view of the unpredictability of 
antibody therapy (as discussed in detail above), the disclosure of the *920 patent thus cannot 
render the amended claims of this application obvious alone or in combination with any other 



Accordingly, the present application is in condition for allowance, which action is 
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Antibody to the dendritic cell surface 
activation antigen CD 83 prevents acute 
graft-versus-host disease 
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Allogeneic (alio) hematopoietic stem cell transplantation is an effective therapy for hema- 
tological malignancies but it is limited by acute graft- versus- host disease (GVHD). Den- 
dritic cells (DC) play a major role in the alio T cell stimulation causing OVHDn Current 
immunosuppressive measures to control GVHD target T cells but compromise posttransplant 
immunity In the patient particularfy to cytomegalovirus (CMV) and residua) malignant 
cells. We showed that treatment of alio mixed lymphocyte cultures with activated human 
DC-depleting CD83 antibody suppressed alloprotiferation but preserved T cell numbers* 
including those specific for CMV. We also tested CD83 antibody in the human T cell- 
dependent peripheral blood mononuclear cell transplanted SCID (hu-SCID) mouse model of 
GVHD. We showed that this model requires human DC and that CD83 antibody treatment 
prevented GVHD but unlike conventional immunosuppressants* did not prevent engraft- 
ment of human T cells, including cytotoxic T lymphocytes (CTL) responsive to viruses and 
malignant cells. Immunization of C083 antibody-treated hu-SCID mice with irradiated 
human leukemic cell lines induced alio antileukemic CTL effectors in vivo that lysed ^^Cr- 
labeled leukemic target cells in vitro without further stimulation. Antibodies that target 
activated DC are a promising new therapeutic approach to the control of GVHD. 



Allogeneic (villo) heniatopoietic stem cell trans- 
plantation (HSC7r) IS an effective theinpy for 
ni;iny malignant and non malignant hcniatoiog- 
ical rind some noiilicmatological conditions. 
Conditioning the recipient with nuliation ;ind 
chemotherapy enables donor ])03\i;vtopoieuc nnd 
ii.nw.iuue systeius to engraft and provide im- 
mune effectors, whicli confer protective im- 
miinity and, for lcukenii;j pnlients, the desired 
therapeutic graft versus leukemia (GVI.) effect. 
Donor T cell-mediated iictite gnifl-versus-host 
disease (GVHi)), which targets redpiciu skin, 
gut, iivcr» lung, .uid lymphoid tissue, is an ixi- 
evi table conseqiienco of alloH.SCT and a maj(x 
cause of morbidity and nioitality (1). CrVHD 
iu'ises within the conditioning-induced ioHani- 
matory milieu as donor CD4^ and CDB^ T cells 
are stimulated to generate allorcaotive antihosf 
eflcctor cells. Mouse alloHSCyT models indi- 
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cate that the donor antihost 7' cd\ response is 
stimulated by direct alloautigen presentation by 
host AI>C particularly DC (2* 3), Donor APC 
also contribute, prcsuinably vi;^ the iudiroct 
pathway by processiiig and presenting host an- 
tigon.s to donor T cell:; (4). That they may be 
m .appropriate tfierapeutic target in their own 
right is further supported by recent ,studics 
showing that donor APC propagate GVHD 
initiated by host APC (5), that they can inde- 
pendently itidnce GVHD (6), and that they 
play a key role in HSCyf rejection (7). 

IVophylacric, and often adcihional. thei-apeutio 
immnnosuppiession, is used to control GVHD 
but, being nonspecific, this neither spares preex- 
isting donor memory cells nor discriminates 
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between iiiloreiictivc mid uon;iliore;K,:iivc.' donor T <:c]ls, I1.)ij,s. 
although GVMD cm be controded, it is ac ihc cost of in - 
crcascd incidence of graft fiiitire, leukemia relapse (8), and 
conipronused iuimuinty to posttrampUnt infection, panic™ 
uhuiy to CMV (9), GVFID iiiid/or i3nnuinosuppre:>sioii- 
nssociated cojnplications prevent the i^ppli cation of alkil fSCT 
to older p;nients and limit its wider use for the treatment of 
nonJieniatopoietic tumors, common nonnjaligjwnt conditioiis 
(iiittoimnnine dise?«se, thalassenna, and iniitninodeficiencies), 
nnd for gene j cplaccnicnt thcn^py (10). 

An alteriiiitive, stnitegy that primarily targets DC might pre- 
vent CtVUI.) without die complications associated with T cell 
imn!iinosuf>prcssk>n. Depletion ofAI'-^C^ (inckiding DC) injnice 
Widi iiposoninl ciodron,Ke reduced devclopjnent ofJiverCTVMl) 
(J I), .uid UV nidi ;ition to deplete host skiji DC f)revented 
mouse, skin GVHD (12). More practical jnediods aimed at DC 
arc required for clinical therapy ^ Antibodi;:;s can bo used to target 
specific ce.li,'; and some arc available for tlieropeu^ic T cell deple- 
tion and ininiiinosuppression. Flowevcv, there are no pan-lXy - 
specific antibodies; tiierefbre, it is not cunently possible, iuid 
possibly not d.csirablc, to specifically deplete all human DC to 
achieve inmumosuppres^ion, However, a propoition of human 
DC spontiineously np-rcgulate the D(!" snrface activation mark- 
ers CDa3 and C:MRF-44 after overnight cultnre (13). Thc^c 
activated DC are the pnme .sunn3latoi"s of alio T cell prolifera- 
tion in vitro and their depletion widi antibody specific for CD83 
(14) or CM,RJM4 andgen (15, 16) significandy reduces the alio 
p)-olifcrative response, siiggestuig that such antibodies may have 
a role in die cor)trol of GVHD. We show in this paper that 
neatmcnt of MLC with anti-human CD83 antibtxiy markedly 
reduced alio T cell prolifcranon but preserved preexisdng anti- 
viral, particidarJy anti-CMV eftector/niemoiy CDK'' T cells, Tn 
contrast, the therapcLitic hnnuiticxsuppros^sive antibody aleniiu- 
znniab (Campadv- 1 H) prevented alio T cell proliferation by de- 
pleting viitually all cells including ^nrus-spccific T eeUs. 

To investigate the antiiiunian C^r>83 antibody m vivo, vvc 
used a chimeric liujiian/iiionse model of xenogeneic GVHI.) 
(17) in Vv^hich SCID mice arc engi-afrcd witii human PBjMC. 
These hu-SClD mice develop a fatal hiunais Cl>4' T celMe- 
pendent GVHD-like syndrome alTcctingmiikiple organs, whicli 
has liistobgical features similar to those seen in alio hiin)an and 
mouse (tVHD (18). We show in diis p;^per that hnman DC 
wej-e required ro induce GVHD m this model, Tratnient of 
the hii-SCil.> mice widi CD83 antibcxly prevented CJVHD yet 
allowed hnman leukocyte engrafiment and preserved T cells, 
including CTL precursors specific for CMV, in£lnen/.a, and the 
maligna] icy-associated antigeji Marti, Moreover, CD83 and- 
body trearment of hu-SCID mice did not impair in vivo induc- 
tion of antileukemic cytolytic T cell eflecto!:s in rc-spon.se to 
immunization with human leukemic cell lines. 

RESULTS 

Anti"CD83 antibody in alio MIC reduces T cell proliferation 
and iFN-y expression but maintains ceil numbers 

Polyclonal rabbit antihunian CD83 (RA83) induces anti- 
body -dependent cellular cytotoxic (ADCC) lysis of activated 

ass 



l.K\ thereby i cducing DOstimulated alio T ceil proliferatic^n 
in MLC (J'ig, I a) (14). The therapeutic antibody alemtu-- 
Punjab, which depletes most human PBMC by ADCCv and 
complcmcnr-dependenr cytotoxicity, also reduced T cell 
proliferation (I'ig. 1 n) but, unlike RA83, it sobstantialiy re- 
duced the total number of viable leukocytes recovered at day 
7 from tlie alio MLC (Fig. 1 b). Of the five cytokines assayed 
at day 7, RA83 treatment reduced, only IFN-^ secretion into 
the culture medium (Fig. 1 c). Alemtuzumab reduced IFN- 
7, and 11. -lO. However. TNF aiid IL-4 were not af- 
fected by either antibody treatment despite die large reduction 
in cell nunrbers induced by alemtu^uniab. 

Anti-CD83 trestment of the MLC preserves specific 
T cell immunity 

The RA83"jncdiated reduction in T cell alloproiiferation 
(Fig, 1 a), without T cell loss (Fig. 1 b). suggested the hy- 
pothesis that this approach to immunostrppression would not 
conipi'omise T cell nievnory. To investigate this, antibody- 
treated 7-d alb MLCs using CMV ^ HLA-^A*^()20 1 " responder 
PBMC were tested foi- the prcacncc of CMV and influenza- 
specific CD8^ T cells. For each of three donoi*s, approxi- 
mately simiJar absolute numbers of CMVpp65 -specific CDB ' 
T cells were recovered from untreated MLCs and d^ose 
treated witii RA83 or negative control antibody (RAneg). 
Much lowcj' nimiber.s were rticovered from alomtuzumab"' 
treated MLCs (0, 1 .3. and 7J% of respective RA83 values for 
the three donors; Fig. 2 a). The same nuniber of total live 
ceils firom each MLC were stimulated with CMVpp65 pep- 
tide or influenza matrix protein (FMP) peptide and irradiated 
autologoijs PBMC and then tested for specific cytotoxic ac- 
tivity. Cells expanded from RAt>3, RAneg, and untreated 
MLCs al! lysed CM V peptide or FMP peptide-loaded ^^Cr- 
labelcd T2 target cells. 1ji contrast, alemtuzinnab-trcated 
MLC-derived cells lysed significandy fewer target cells, indi^ 
cadng that most CMV>- and FMP^-speciftc precui'sors in the 
MLC had been eliminated by this antibody (Fig. 2 b). These 
data support our hypothesis chat antibody that targets acti- 
vated DC could control GVHD yet maintain protective 
*r cell memoi y. 

Human DC are required for 6VHD in the chimeric human 
PBMC-transplanted SCiD mouse model (hu-SCID) 

To test this hypothesis in vivOj we used the well established 
chimeric hu-.SC(D mouse modeL in which human donor 
CD4' T cells mediate GVHD in SCID mice (17, ItJ). In our 
hands, conditioned SCID mice injected i.p. with 50 x 1 0^* hu» 
man PBMC reliably developed a fiUal GVHD-like syndrome 
within 8-13 d, HistoJogkal examination showed periporta] 
lymphocytic infdrration (Fig. SI, available at h£tp:/Avww 
jem .org/cgi/contcnt/full/jem.2007()723/DC1 }. which is 
typical of GVHD in this model (19) and in patients (20). 
Mice were killed when an overall GVHD score of 5 was at- 
tained, rejecting severe GVHI!), at which time human donor 
cells were detected in spleen, bone marrow, and peritoneal 
cavity (Fig. S2). 

ANTI-C083 PREVENTS GRAfT-VERSUS- HOST DISEASE I Wilson et si. 
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Mouse Al-^C.^ i\rc weak stivnulitors ofhiiiiiaii T cells in vi- 
tro (21. 22); therefore, we considered it likely rli;U APC in. 
the hunion donor PBMC gmft provided the priinaiy stiiiujiii- 
tion of the hiiinan CD4 ' T cell GVi-ID effectors in the hn- 
SC;^ID iTiodei. vSupportu-ig this view, purified hiimiin T coll 
(97% CD3^") grafts alone induced CVHD in only 30% of 
sen.) mice (Fig. 3 a). A high incidence of GVHl) was fitlly 
i'e«itorod by coadministration of 2.5% human ;jntologoiis 
njonocyte-denved DC with tlie purified T cells (Fig. 3 a). 
Thus. huiTian APC arc i cqinred to induce full CtVHD in the 
hu~SClD tJiodel. To explore the role of other luuniin APC 
besides DC and of other human leukocytes, we depleted 
PBMC, before transpknu, of CD14' cells (monocytes), 
CDI'r cells (B ceib)/Ci)1 6 701)56' cells (NK. cells), and 
CD8" cells (T colls). None of dicsc depictions sigmJ-jcandy 



aO?ccted induction of GVHl.) (S80% of niice achieved a 
GVHD score of 5 within 13 d; Tig. 3 b). This confirmed that 
human DC arc required to stinuibte the human antimotisc 
CD4^" T eel] effectors to induce GVHD and validated the 
hu~SCn:) model for evaluating human DC targeted therapy. 

In vivo antr-CD83 antibody treatment prevents GWID 
and aiters circulating human cytokine concentrations 
In the hu-SCID model 

We ;3<^mtnistered RA83 to hu-SCID n:dcc after determining by 
ELISA that the antibody had a circulating half of^lO d (un« 
published data). RA83 administration aitenuatai GVHD in the 
hu-vSCID model as assessed by blinded GVHD scoring, in a 
dose-dependent manner (Fig. 3 c)- 94% of mice injected i.p. 
with 1 25 \.\% RA83 pc^' nsouse at the tinie of transplant survived 
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Figure 1. RA83 reduces T cell proliferation and expression of IFN-y in alio MLC without nonspecific ablation of leukocytes, (a) Cell prolifera- 
tion (pH]U"iymidine incorporation; Cm] was significantly reduced in MLCs treated with 5 pg/ml of RA83 or with 5 ^g/ml of alemtuzumab (Alem). com- 
pared with 5 pg/mt of RAneg (nonimmune rabbit igG-negative control antibody). Median and interquartile range (error bars) arc shown for ^ 9 
stimulator/rcspondcr combinations, (b) The number of viable leukocytes recovered from 7-d UlCs was not affected by RA83 but was substantially re- 
duced by atemtLf^Ltniab. Median viable ccli count and interquartiie range (error bars) arc shown for n =-- 11 stimuialor/responder combmations, (c) RA63 
reduced MLC concentrations of IFN-^ (note iog scale) by a median of 64%, hut W\ iL -4. II- 5. and IL- 10 were not significantly affected. Alen-^tuzumab 
simiisriy reduced 7-d MIC concentrations of (median 75% reduction), II- B. and IL-10. Graphs show, for each antibody treatment, individual cyto- 
kine concenti^at^ons tor n^Q stimiilator/rcsponder combinations, each linked by lines. Raw cytokine data conlairsed zero values; therefore, pg/ml vvas 
3dded to afl cytokine dais to enabic log transformation for statistical analysis (P >0.05). NS and p-vslucs are for repeated measures ANOVA followed by 
Bonferronhcorrected multiple comparisons posttests for RA83 and alcmtu^umab each compared with RAneg treatment. Data are aJso shown for 
untreated (Nil) MLCs, which were not statistically significantly different from RAneg-tre&ted cultures. 
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tbi- 30 ci which is in contrast to RAnog-treated control r:iiice, all 
of which developed sevcTt: (iVHlJ) within 1 1 d. hi the Siinie ex- 
pcrimcntj a lower dose of 25 iig RA83 per mouse pi'Otcctod 
only 47?^ of the niiee for the full eXfX'in.nientnl paiod. 

Alemtii/Tiini^jb also prevented GVHl.) in this model 
(Pig. 3 c). From diiy 3 after rriUisphiiit, ht>dy weigliis increased and 
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Figure 2. RA83 treatment preserves vtrus-specific T cell rmmiinity 
in alio MLC (a) Number of CMVppGS pentamer-positive CD8^ T ceiis> 
surviving after 7 d in a ntibody- treated lO-m! MLCi The day 0 col urn r5 
shows the starting number of cells {data shown is for three different HLA- 
A*020l ' CMV donors; tines link data fron"^ the same donor), (b) A sub- 
stantial viral antigen-specific functional CTL response was generated from 
7^d ftA83- 141. RAneg- (T). and M {ffll-treated MLCs but not from alem - 
tmjmb (❖] -trebled MLCs. Graphs show the mean percentage of lysis of 
CWN and FMP pep tide -loaded ^^'Cr- labeled target cells by CTL effeaors 
generated from the treated MLCs, P < 0,0001 for CMV 3 donors) and 
P < 0,02 for FMP {n - 4 donors] for repeated measures ANOVA. Subse- 
quent Bonfcrroni -corrected rnufdple comparisons testing showed that 
alemtuzumsb tfesiment was signifieantlv different from each of the 
other treatmcr\ts (P < 0.001 for CMV and P < 0.01 for FMP). 
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Figure 3. Hu-SCID model of 6VHD. (a) Human DC enable full GVHO induc- 
tion. Administration of purified T cells (97% C03 ' j alone induced .severe 6WD 
in only 3 out of 10 mice (Q nots^nificantly different irom untranspianted 
controls [A]), butcoadministraiion of 2.5%autotogous monocyte-dertvcd DC 

(MoDCl restored the incidence of severe GVHD (six out of seven mice; O) to 
PBMC levels (10 out of 10 mice; O, P > 0.05 for MoOC 4 T cells vs. FBMC). P = 
0.025 for T cells only versus MoDC + T cells (combined data from two exped- 
merits us^ng two different PBMC donors), (b) Mor^ocytes and B cells are not 
required for GVHD induction. In vitro depletion of monocytes (X], B celis {+1 
CD8^ T cells jO), and NK cells (*) from hurr^an PBMC before administration to 
mice diti not prevent or delay devefopment of GVHD (each depletion was tested 
onn^% mice and 1 PBMC donor; P > 0.05 for each deletion vs. undeleted 
PBMC transplanted mice [0)j, Administration of irradiated (30OOc(3y) I^MC (V) 
or of vehicle alone (untranspianted [A]) did not induce 6VHD as assessed by 
GVHD score, (c) In vivo trestmcnt with anti-G)83 antibody prevents GVHD. i.p. 
injection of conditioned SOD mice with RA83 (125 A; 25 pg, A) or alemtu- 
x:umab (5 pg, ❖) 3 h before PBMC administration prevented GVHO (combined 
data from three experiments using three different PSMC donors; 8-18 mice for 
each treatnr^ent; ^ no transplant; nil antibody; 2B pg RAneg; V,1 25 pg 
RAneg). P < a002 for RA83 versus RAr^eg for 1 25- and 25-pg doses. 
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GVHJ3 stxircs dccroasci^ for nncc ticMted vvitb )IA83 (12S \ig/ 
mouse), alenituziiinab (Fig. S3, avidhible at hctp://w\vw,jein 
x:>rg/cgi/coiitcnt/tiill/jeni.2(K)70723/].>Cl), or for control iin- 



traiisp-bnted mice. HigJuu* circulating Iiujikui (P - 0.0 1 ) 

and IL-5 (P < 0,05) con centi'ii dons were observed in RAH3- 
tirt^atcd mice at day 30 ootupared with aleitituzimiab- treated 



a 

6- 



O 

CO ^ 



p<0.0&1 



Treafen&nt 



Noix 



1 



75- 



p<0.QQ1 



RAn^g RAS3 Alem 

Treatment 



Nil 



Notx 



C Portal infiKratfOn scora 



o 
o 
CO 



1-i 

0* 



|><0.05 



RAfieg 



RA&3 

Treatment 



Nil 



d 



a, 3H 
o 



1- 
0- 



Lung Infiltration score 



p<0,05 



-■' f 



RA83 

Treatment 



10* 



Sir 

M 

a 

s 



RAnog 



TNF 



p<0.001 



RA$3 



300Q- 



^ 1000- 



fxO.01 



p<0.01 



RAneg RA83 Aitm 



Nil 



800* 

^600- 
I 

^400- 



p<0.06 



RAneg RAe3 Alem fiw 



20i 



RAn«g RASS Alem NH 



200<i 

d 50' 



iL-5 



p<0.06 



RAneg RAS3 



Al^ 



at 
o 



IL-10 



p<0.05 



■ 



P<0-001 



RAneg RA83 Afem 



Figure 4. RA83 treatBient reduces signs of GVHD fn the hu~$C)D model. In vivo treatment of hu -SCID mice with antJ -CD83 antibody significantly 
reduced GVHO score (a), xmqhl loss (bj, lymphocyte infiltration in liver (c| and in lung (d) and drculating human IFN-7, II.-8, and 11-10 (c;). RAS3 [125 
mouse) was always compared with I^Ancg (125 |.ig); alcmtu^umsb {S pcj) and untransplanted (Mo tx) mice were always compared with U\l antibody-treated 
transplanted mice. P-vahjes are shown only wh^n <0.0S. The RA83 outlier in d and the akmtuzumab outliers in e for IL-S and tl- 10 were omitted for statisti- 
cal analysis. Combined data from two experiments are shown, both using the same PBMC donor, n ^ 5-7 mice per treatment each killed 8-11 d after trans- 
plant when a Nil- or RAneg -if ea ted control mouse developed severe 6VKD (score s: S). Horizontal lines are median values. Symbols are the same as in Rg. 2 b. 
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mice, iiidkndng gix-;itcr T coll cngi;iffcinout of the RA83- 
treated lyiice At this time (Pig. S4), Admiii]str:iti.oii of RA83 i. 
p. WAS as clTocdvc as the i.v. route (iitipijbiishcd data) so i.p. 
injections were used in suhsequent experinjents. 



To miikc direct temporal comparisons between treav.- 
uients, each time a mouse attiiiiicd a GVHO score o(>3^ it was 
kiiied togctlicr vvkl) the highest scoring in o use from each other 
treatment group in rhe experiment. This occurred 8- 1 3 d 
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Figure 5, RA83 treatment did not prevent engraftment of human leukocytes (a), total CD8^ T cells (b), or CMV-specific CDS* T cefb (c) fn 
the hu-5CID mouse model of 6VHD, Dots shovs^. for each treated hu-SOD mouse, the total number of human cells recovered from bone marrow, 
spleen and peritonea! cavity, combined, 8-11 d after transplant. Heavy horizontal lines, show median vaSues. Raw CMVdata contair^ed ?.ero vakJe^;; there- 
fore. 1.0 was added to ail CMV data to enable iog irsnsfor matron Tor stDtistical analysis (p-vaiues are shown for selected posttests), n » S hu-SCiD mice 
per antibody treatment (one ex|)eriment using 1 C^V' HLA-A*0201 ' PBMC donor). 
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after triui.splant, depending on the doiioi-. At the tiavc that 
coiiti'ol hu-SClD mice were suffering severe GVIII). vin- 
transplantcd mice and ti'an^ipknted riiicc treated with eiihcr 
RAH3 or alemtuzumab had significantly reduced GVHD 
scores (Fig. 4 a) and body weight loss (Fig. 4 b)- Liver ami 
hmg from the RA83"tre<ited hii™SCI]3 mice kid rediK-ed 
GVHD-associated lymphocytic infiltrjtion nnd cell d.iniage 
(Fig. 4, c and d), RAB3 jind nk'nitua-.um.ib treatments each 
substantially reduced the circulating concentrations of the 
Innnan cytokines TFN--7, and IL-1() (P < 0.(B) but 

inaiiitained lL-4 (Fig. 4 e). TNF and IL-5 concenrratiojiis 
were also reduced by alenitir^uniah treatment (P < 0.05), but 
any redtictions cjiused by I\A83 did not reach statistical sig- 
nificance (Fig. 4 c). 

In vivo 3nti"CD83 antibody treatment prevents GVHD 
without ablative immunosuppression and loss of T cell 

immunity 

To assess the effects of RA83 treatment on the recovery of 
CMV-!>pecific hmnan C).)8' T cells, we repeated the tempo- 
ral consparison from the previous section, using a CMV'^ 
HIA-A'^^O^.OI ^ Pl^MC donor. For tins dojior, 2d ^ig RA83 
per mouse prevented GVHD as effectively as 125 iig. Median. 
GVFll) scores were 0.5 (range 0.5-1.5) for 25 j.ig RA.S3, 1.0 
(0.5 2.35) for 12.5 ng RA83. and 0.5 (0-0.5) for 5 jig aleni- 



tiiziiinah (P < O.Of)] for each treatment when coniparod with 
6.0 |5.lW>.5] for 25 \ig RAneg and 5.5 |5.0-6.0| tbr 125 Mg 
ofRAneg-treatcd conti-ols: = 4-5 mice per treatment, 8-11 d 
after rranspbtit). ^5^7e also tested the therapeutic ininmnosup- 
pi'essant anti-diyniocyte globulm (ATG), a rabbit polyclonal 
antihinnan thyn)ocyte gbbuiin which, like alenituztimab. has 
broad specificity for human leukocytes. ATG was as effective 
as RAB3; the nictin CtVHI.) scoi-e for lui-SCIl) n:iice treated 
with 125 pg ATG was 1.0 (0-2.25). 

The jiunibers ofiivc cells in spleen s femoral bone marrow, 
and peiitoneai washings bom each killed mouse for all treat- 
ments were counted at the time that the control hii-SCID 
mice developed severe GVB]."). The three sanjples froni 
each moxisc were then pooled £ov flow cytonietnc analysis, 
enabling calculation of absolute niunbers of human CD45'*' 
leukocyte^» total human CD8' T cells, and CMiVpp65 pen- 
tamer* Cl.>8^' T ccHs ixcovered from each mouse. Very low 
numbers of hinnan CD45^ leukocytes were recovered from 
hu-SCil) mice treated with ATG and alemtuzumLib, com- 
pared with controls (Pig. 5 a). The median mnnber of human 
01)45' leukocytes recovered from RA83 (125 pg)--treated 
mice was 147 times greater than for ATG-treated mice 
{P < 0.00 1; Fig. 5 a}, even though botli antibodies protected 
mice from GVFll ) equally well. Recoveries of total ' 
T cells and CMVpp65 pentamer* Cl^R-*- T cells followed 
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Figure 6. RA83 treatment of hu-SCID mice did not impair subsequent in \^tro induction of antiviral and alio antileukemic cytotowc T cell 
effectors fronn cells recovered from hu-SCID mice. 10-d posttransplant hu-SCID mice treated with 125 jjg RA83 {n = 19 mice; 6VHD score 0.6 on 
day 9) or RAncg (n - 5 mice; GVHO score ^ 3.2S on day 9) were kilied, cells from spleen, bone marrow, and peritoneal washings were combined, and hu- 
man leukocytes recovered (see M^Jtef!a^s and methods). These cells and, as 3 control, an equal number of freshiy thawed PBMC from the same donor, were 
stimuialed in vilro with frradiated autokjgous PBMC plus either peptide antfgen or irradiated leukemic cell lines. After two rounds of stimulation, T cell- 
mediated lysis of FMP peptide- [Oaded 12 ceils (a], U93 / |c), Raji (d}, Nalm6 {ej, and AIL- 19 (a human primary ALL passaged in NOD-SOD mtce [reference 
40); f) leukemic ceil lines was measured by '''Cr release assay. Specific killing of 12 ceHs loaded with peptide from the ngive melanoma-associated antigen 
Msrtl was assayed after four rounds of slimulalion {b). RA83: V. RAneg; IS. freshly thawed donor PBMC). Dashed lines in a and b show minimal lysis 
of 12 ceils loaded with irrelevam HiV peptide (RA83, P < 0.01 for FMP and 0.001 for Marti compared with HiV). Data are from one representative experi- 
ment of three using one HIA-A*0201 ^ PBMC donor. 
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simiiiir trends (Pig, 5, b and c; and Fig. S5, available at 
http:// www jeni . org/cgi/cojneiK/fiiy/jem .20«')7()723/DCI ) . 
Nowbly, the median iuinibcr of CiViVpp65 pentamcr' 
CD8 " T cells recovered from each RA83 (125 ^g) -treated 
mouse was 255, coinp^irod with zero Tor alcmtuxiimab treated 
inict: (P < 0.05). 

To further assess the effect ot RAH3 treatment on rcten- 
tioji of hum unity wc harvested cell-? Ironi R A.83- and RAncg- 
trejited hu-SCtO mice transplanted with PBMC from a 
different HLA-A*020f '' donor. Hiinian cells were isolated 
(see Materials and niediods) and stiinuiated widi irradiated 
atuologous l^BMC loaded with HLA-A*02(>I ' peptides from 
FMP and from the model tumor antigen Marti, This in- 
duced expansion of FMP and Marti pentanier^ CTL (not 
depicted), which specifically lyscd FMP and Marti peptide- 
loadcd T2 cells, respectively, regardless of RA83 or RAneg 
treatnient of the hu-SCIl,> mice from which the precursor 
cells were recovered (Fig. (\ a ;ind b). 

We assessed tl)c poteiitjal for CxVL by also ,'iiimuhuing in 
vitro the cells recovered from the l^.A.83-- i^nd RAneg-treated 
hu-SC!f) mice in the experiment described in the previous 
paragraph widi irmdiated antologous PBMC and irradiated 
alio Innnan lenkeniic cell lines. For three of the four leuke- 
mic cell lines tested, cells from RA83 treated mice produced 
T cell-mediated lytic responses equal to or greater tlian the 
cells from RAncg-trcated hu-SClD mice (Fig. (\ cM). 

The effect of RA83 treatment on the induction of GVL 
m vivo was investigated in two separate experiments using 
difierenr I'liMC donors. RA83- and RAneg- treated bn- 
SCH') mice v^-erc immunised on. days 0 and 7 .iftcr transplant 
with irradiated U937 or Raji ceils (10^ cells i.p.). All hu ^ 
sell) mice were killed on day 9 or 10 (donor dependent), 
when the GVMl) clinical score foi RAncg-treatcd mice was 
sigaificantly greater than for RA83 treated mice (P < 0.001). 
Human cells recovered from the mice (see Materials and 
methods) were used as effectors, w'itliout fiurher stimula- 
tion, in a chromium release assay with ^^^Cr-labeled U937 or 
Raji ceils as targets. HtJinan cells recovered fi'ojn nonJn^mii- 
nized hu-SClD control mice were poor iytic effectors 
against U937 or Raji targets, whereas cells fiom immunixed 
hu-SClD mice lysed die appropriate targets, regardless of 
the previous RA83 oi" RAneg antibody treatment of the 
mice (Fig, 7), 

DISCUSSION 

We show in this paper ihal antibody specific for die DC acti- 
vation market CD83 is a potential new therapeutic option 
for the control of GVHl') in alloHSCT, Our in vitro and in 
vivo evidence shows that CD83 antibody not only limits the 
uncontrolled T cell proliferative response that ch;ii'acteri?.es 
GVHD but. preserves the donor T cell repertoire, in particu- 
lar, potetitially life saving antiviral memoiy T cells and anti- 
leukemic effectors, Cun-ent GVHD prophylaxis, be it ex vivo 
T ccH depletioar of the graft before transplant or nonspecific 
irnnnmosuppression, does not spare tiiese vital components 
of the donor gi aft (23). 



Our in. vitro comparison of the polyclonal anti"'CD83 an-- 
dbody (RA8j) with the CD52 mAb alenituzmnab provided 
insight into their mechatiisims of imniuoosuppression. Both 
antibodies reduced aib T cell proliferation and expression of 
the THl cytokine IFN-7, but alemtuzumab also reduced the 
TH2 cytokine IL~5 and the immunosuppressive cytokine IL- 
10, presumably as a result of its pan-leukocyte-depleting ca- 
pacity, 1^83 had little direct eflect on T cells, as it did not 
significantly redtjce die number of viable moiK>nuclear cells 
reccwered from the alio MLC^ (Fig, 1 b), nor did it destroy pre- 
existing CMV-specific nor flii-spccific 008^^ T cells (Fig. 2). 

Albpmlifoniting CD4* T cdl bla5;t:s, which were gtnicratx'td 
during MIC and found in the highest numbers after 96 h, 
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Figure 7, RA83 treatment did not tmpair in vjvo mdwction of 
human alio antileukemic cytotoxic T cell effectors as a result of 
immunization of hu-5CID mice with irradiated leukemic cell lines. 

RA83- or RAnecj-ireated hu-SCID mice were imnnunized by 3,p. injection 
on dsys 0 and 7 with 10^ irradiated (3000cGy) U937 ceils (a). Raji cells [bl 
or vehicle alone. All mice were killed on days 10-11, and ceEls from perito- 
neal cavity, spleen, and bone marrow were combined within each cohort 
After removal of dead cells» erythrocytes and mouse CD45^ ceHst, the re- 
maining cells (>9b% human CD45-), were tested for cytotoxic activity, 
wfthout further stimulation, in 3 ^'Cr release assay using U937 {a] or Raji 
(b) cells as largeb. i:ffectors were from immunieed mice (solid lines) 
treated wtth RA83 f A) or with RAneg (V) or from negative controls (dot- 
ted lines; freshly thawed donor PBMC; nonimmunized RAneg- 
treated hu-SC!D mice). Data 3rc from two experiments using two 
different PBMC donors. Error bars show technical reproducibility (1S£M) 
and are each calculated from five replicate wcils. 
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express low Icvch oFCD83 and are al.so susceptiblo Liirgcts ol:' 
]-\A83-uxcdiat:ed ADCC lysis (14) but to a lesser extent than 
*icdviitcd CD8.V DC (4,4'-fo]d loss lysk iit 10:1 E/T ratio 
[calculated froiii data in reference 14|). l")elayed addition of 
RA83 to the hALC reduced its inhibitoiy effect on nlloprolil- 
eration, completely negating its eftect, when administered fit- 
ter 96 h to target the alloresponding T cells (14). Thus, the 
fuuctional cellular target of RA83 h prcseiit early rather than 
late dining the com-se of MLC^ which is consistent with the 
principal target being the 1.>C. 

To obtain in vivo evidence for iminiuiosuppre^sive effi- 
cacy of (";;D83 antibody ^ wc chose a chimeric hum an /mouse 
model of C5VBD because antibodies specific for human CD83 
and 01)52 andgens. such as R.A83 and alemtuzuiiiab, can be 
tested. The SCAD mouse was used in preference to other 
irnmunodeficicnt .strainii;, despite the requirement for higher 
donor cell doses (24), because the hu-SClI') model of GVHD has 
been used more extensively than otheis (25), it h complement 
replete (26). and functional human NK. cells arc present (27), 
allowing for antibody-mediated coniplenienr-dependent cyto- 
toxicity and AI.^CC lysis of human target cells in vivo. The 
hu-SCID model of GVHD requires liumatj CD4'^ T celh (17), 
but the sdn'mhtory ceUs had not previously been identified and 
mouse APC are known to be weak stimulators of human 
T cells (21, 22. 28, 29). We therefore considered it likely that 
human DC in the graft would play A major rok% and tiiis v-'as 
STippojted by finding tiiai purified human T cells required sup- 
plementation with human DC to be fuliy effccdvo at inducing 
GVHl) in conditioned SCIl.) mice (Fig. 3 a). 

Using the hu-SClD modek we found thatRA83 prevented 
C!^V1^JD (Fig. 3 c). RA83^treared mice had significantly lower 
GVHl) scores and less weight loss than RAneg-treated or un- 
treated controls when tire latter had severe (j VMD (Fig. 4^ and 
b). Circulating levels of hu^nan IFN-7 and FL-8 were substan- 
tially reduced in RAB3-ti\^ated mice but not 1I.-4 {Fig. 4 e), 
whicli is consistent with a GVHD-ameliorative TM2 cytokine 
niiljeu predicted by the in vitro studies (Fig. 1 c). RAK3 treat- 
ment is expected to leave porendalJy tolerogenic nonactivated 
(CD83~) 1>C intact, aiid tiiese may induce regulatory' T cells 
(30) \\-itix potential allosuppressive benefits. RA^43 may also se- 
lectively retain TH2 inducivJg plasmacytoki 1")C (31), as they 
express comparatively low levels of C!;j )83 when activated (1.3). 

Alemtiizmnab treatment also prevented GVHD in the 
hu-SCn.^ model but at the expense ofT cell engraftmcnt, 
particularly CMV -specifK: CDS^ T cells (Pig. r> c). In marked 
contrast', RA83 ti eatment prevented GVHl) without the loss 
of specific donor T cell immune memory. Treating trans- 
plant patients widi CDB3 antibody at die time of condition- 
ing should limit the. genorntion of a !argo pool of ;illorcactive 
GVHD inducing clTcctor/ memory T cells immcdiateh' after 
transplantations wbicli. at least in an alio mouse modcL can 
induce GVHD at any time siibsequendy ir> the ahsetice of 
host DC (32-34). Antibody tfiat targets activated DC, such as 
that studied here, should also preserve donor T cell immunity 
to common infections .such as CMV, which canse major 
posttransplsjit mortality and morbidity. Current immuno- 



suppressants thai target T cells, exempUfied here by alem- 
tuzumab and ATG, compromise posttiansplant immuniry, 
particularly to C^MV (3S) and other infectious agents. 

T cell depletion also compromises the GVL effect and 
predisposes to recurrence of leukemia (8, 36). TheoretJcally, 
specific depletion of activated DC to control GVMD in <;linj- 
cal alloHSCT should preserve the antileukemia T cell reper- 
toire. Supporting this, fix«n cells recovered trom RA83 treated 
hu-SCro mice, we obmined human effector T cell respoiises 
to the naive tumor-associated antigen Marti (Fig. 6 b) and to 
alio human icukcnnc cell hnes, pardcularly to U937 (AML: 
Fig. 6 c) and l^.aji {B cell lymphoma; Fig. 6 d) cells, 

A potential disadvantage of targeting CD83"^" l,^)C for the 
prevemion of GVHl^ in alloHSCT patients is tiiat these DC 
may be rcqnired for the induction of GVI. effectors from an- 
tileukemic precursors, be they T or NK cells. Reddy et al 
(37) showed in a mouse "acute leukemia" model that host 
and; to a lesser extent, donor DC are required for effective 
C^VL after alloHSCT, although the role of DC activation was 
not explored. Eut;ouragingly. we found that 1^A83 did not 
prevent in vicio induction of alio cytotoxic antileukemic cell 
line activity by cocultiued PBMC (Fig. S6, available at 
htt|)://\vw w jem ,org/cgi/content/ful 1 /jein . 2(MJ70723/1X"1 ) . 
Furthermore, RA83 treatnient of bu^-SCID mice immu- 
nized with the human leukemic cell lines U937 and Raji 
did not impair in vivo induction of antileukemic cytotoxic 
T cell effectors (Fig-7). Nevertheless, if GVL proves to be 
con^promised by pehtr;)nsplant DC-Uugctcd treatment, it- 
could be managed by subsequent vaccination widi leukemia 
anrigen-loaded donor DC or by donor leukocyte infusions, 
perhaps boosted by d<Mior vaccination before transplantation. 
Alternatively, to retain peritransplant andleukemia priming 
by host CD83 ' DC^ antibody treatment niight await the ap- 
pearance, aftei- transplant, of activated DC in the circulation, 
an event which precedes clinical. GVHD (38). 

Any sigmficaiU' improvement in the control of GVHf) as 
a result of targeting DC may allow wider utilization of al- 
loHSCT for inalignan.t conditions and for nonmalignarit 
conditions, which do not require GVL. Our data provides 
compelling evidence that depletion of activated human DC is 
a promismg ;dternative GVHD prevention strategy that war- 
rants funher investigation. A l^C targeted therapy, which 
prevents alloreaccive GVHD-tnducing T cell generation, even 
allowing innnature DC-mediated tolerance induction, which 
nonetheless, still preserves protective and therapeutic T cells, 
would also have wider applications in allotransplantation. 

MATERIALS AND METHODS 

AntibocHes. r<4^bl>it j.iolycloiwl [[*G .wid-lsusJi-in CD(^3 {R.A83) Wi\s prc- 
pjrcd (kjicnlx^l previously (14, yf) Im wmIi m Added ^?ntiijcn .if- 

fjimty purifK;uif)n step {sine Supjiieujcncny Matcri^i:^ ^iiui iiicthtkis |;u*3i]al>1e 
■At hap;//\v\v\v Jen^O!■g/c:gi/a>^t^;ll^^^ui)/jel^.2(K57()723/i.>C^ I j for prep^r^i- 
don ^i)d v.iiicl^ition). Crlinkiil j^iiidc ATG (Prcseiiius) and abiiuiizuni^^b 
{Schenng) wcro obtsinctl froTtii the Matci" Hcakh Servit:*;s Plj.irn'k.n:y. 

Human PJBMC and cell prepjiratjotis. PBMC were (^bliuiied with iii-- 
formed consent fi oni nomi^jl I loaJrhy donors cither as vv1)o)c hlood donations 
or by Icukuphcicsis (approved by the Marcr I liinitan Kesonreh Ethics 
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Comiiiictee)^ PBMC were purified by Ficoll-Hypaintf ccMMnfug;Uton» ciyo - 
prcsciTcd. and storcti n -hSU"C uniii axjiuicd. Spccifk k i^kocytc popula- 
tions were dcploicd ivom PUMC AUTOMACvS (Miiccjiyi Biotc^.) imd 

ddicr dir<\ily j_onjUi',.uoJ CD 14 oi- CDKj + CT>56 ^•^icrobo^^l:is (MiJccj>y} 
l)iot<;^i;) t^v iudivccdy cosijugntt-d with ODX (?r (vDTJ jiiitiliody U)![knvetl by 
iinn-!iK)ii'i*5 ij^Ci uiicrobt':ifiK. J ct^jk (V7,f*% CM)3^) wt^re [>rt*part:i.l by slain- 
ing I'BiVK.' vvirh -■^ uiiMiuv ot'unctinjtiiJiiUjd .uitibotlio (CI) I U f:loiK*^ MCA 
2(1^7 |AbD ScroiccI; CJ)14 CMR.P-31 jin hous^l; hir,A-Oa l;243 lAinai-^ 
can ']ypeCukurcCotkciio^>|; CI)Kj3GH. CDI9J4.1 1^). Cr):ZO 1^9.F/'. .ind 
CD56 ii^?(n fBa:kiii.in Coulu'rt: ^^od C].>34 [ll^CA-l liM.)]). foIiowcO by 
aiiti-mousc 1g inicrv>bciids. MoDC were gciicr^stcd in proviouxly dcsciibcd 
(13) I'roiU oocytes pitrillcd from PliMC by COIA ininu!i2<>in;^gncEic so ■■ 
kction. CMV~poiirive doniirs were itiemified by fii^roiojricaJ tc^vintj from u 
p;mcl of HLA-A*02{M ' nonmi donors and confinswl by CMVpp6!> pcis- 
tanicr stniniiig (soc C TL inducrio»>). 

MLC- ItLKiiaLcd hujii^n l^liMC slimnd^^IOi^ .jvuJ noi>irr:idi:itcd insiiiEin PBMC 
rc:ipon<kys froiu iinodior don<H' were cullurod together^ (-:ic:h iit iO"/inl for 
7 d, Ciiltuvcs were peifoniux^ in ')b--wel) niknoplues for prolifcr^ftion ^jwi.iys (14) 
or m voi 'r25 fbsks ft>v cytokine .»nd .itRiviiM] i(njm.tiie UR-Jiiory 3Ss,iy?.. 

Cytokine iinJilysisT flvmhu} eysokint':> in MLC ^;upcnintrtnt^ .ind itj hu- 
sen ) mouse sev;» wne nn.^lyved nning hhniiiiis CytokiiK* I'iex Sets (B! )} and 
iiri LSR U liow cytf^mevev (dsi;;^ ;iii.iiy^is by i-ClAP soflwinc" f IM">|}. Cross-re- 
;icciv]ty widi mouse cycokiiioii was mi)>ini;^l. deremiined by an;dyainjT sora 
from mouse alio! fSC J experiments ;H)d uijtntii.-jpl.tnfed ronisols. 

CTL ttudticttoiK Cc\h recovered from MLCs or fioi5? hu-SCvl!) mice. ;5l 
ii> lucdin e^itHiiinisig 10 ng/m] IL-7 were sdmul,»;ed wiih pepti(k; 
nruigen (! ICMV pp65 4^5-504 NLVPMVATV. In&U'n?,i A Ml' :>i<-^i6 
GfLG)A-ni, M>rd/Mebn)A 27-35 l-LACIGlkTV, M^khm CS 334-342 
YI.NKiQNSI., or I liV G:u!: 77-83 SI.YN l VATL) or widi irnuliated hu - 
nun leiikcjinie fell lines (Aid..- 19 [rofcrcncc 4(')|, V'>y/, or N;dm6) <ind 
imdiarcd (3uGy) aucologous IU3MCl 2> iU/inl M 2 w:is ;iddcd every 2- -3 d. 
At 7-d intervals, a4U were rfirfintulaced with imdirtted iiutologous PUMC^ 
and pepud« <.\r irr.idijitcd kukcjJMC eelJ line. 1 eelNuediarttd lysis of^'Cri-ki- 
hmkd leukcmie cell linos or pcpridedoaded 12 eells (lOVwcll) w;w Awnyod 
(41). Except! tig tht; exp<iM'inKnt shown m l-ig. ,S6, NK rdl-niedi-itcd lysis 
wos biocketl with uiilahtiled K562 eelK (feS x 1 0^' well). Lysis of ni^ilid^ or 
HlVpeptido-iieiiJitiv-e ciu>troIv wis !>^ip>im.d. CD^-l'iV. Ci)8-Per<^JH;:y5.5^ 
iiiKl l lLA"A*(>2(M/'Nl-Vf*N4VArV p^ntamcr-AI^C' (i^n^lnnnuiKO ceils were 
enumer^tted by ik>\v cyi:oniotne sti^inin^:;. 

His-SCiO n-so«Ke incdel of GVHD. A;nm:^d j^roeedures were approved 
by die University of Q\ie<::iftluiid Ajiimal Bdiies Committee. Feiiiiiile SCil) 
mice (CJJ-IT-Igb-l^-IVkdc'""'} were purchased fiom the Animal Resottrcc 
C:eiitrc (Perth. WA^ Austr.iiift)^ housed in sterile inkrciisolator c.-igc^i, and 
Kivcn luiiwlitved food and wmux. On dny 3-7 -wk -old mice were in- 
jecieti i,p, wirh 2lJ ^1 .i$i,i!o-OM-l (Wiiko ChemicsiU USA* h)eO and inadi- 
rtied {/"Cs. 33!>eGy). x w.ished human PBiVlC n) 200 jjil were 
injected i.p, on day 0 (17). Mtce were a3«e!;.sed daily using a GVHD scoring!; 
systom ihat .isscsses weight li>ss, p{>sture, activiiy, fur texture, and skin inic^T- 
riLy (42) modilied by -jddititju of diarrhc.i. fhe overall icorc for cJch mouse 
WMS ihe ;^um of tbe sin itidjvidnrd scores for each). Mice with severe 
GVI II) (ovend] score >5) wtne killed .tik! dsMies, Ijlood, :ind pcriKoneal 
washings (in RJ'Mn640) uiken lot an.ilysis. Some bu"-SCIl> mice were im- 
muni:?:ed i.p cm dny^ 0 ,iik] 7 witb d>c U937 or ICyji hunun lenkomie cell 
Imes (in- cells irnidsated 3(HKkGy). 

Antibodie:> (JiAneii;, kAK3, ;ilciJ3in;:innab. ATG) were adiisiuis- 
icred by i.j.\ i:njocrk>i> 3 b belbvo bmiiiin IH.iMC: injection on day 0. 'I lie 
RA83 cn'cui.icjn^ half- life wss csrim.'iie<] by liLlSA orbbod samples dr;iwn 
fi om SCM) ndce up to 14 d slbv .i single i.p. iiijection. 

Cell and tissue aiiiilysts. Dow cytontetric ;nKdi»tes were peiroriiied w^- 
ing J^ACSCalibiur and LSR U ll<iw eytonieten (1^1 )). Cells from peritoneal 



cavity, fcnK^ral bone niarrow, and spleen were treated with red cell ACK 
lysis buffer and hvo ceils cotinccd by Trypan blue cxchision. PBMC and 
cells from mice were stsined with flnovopliovc" conjugated ;irttibodje.s 
(human Cl>3 clone SK7. CDH SK I » C:i>45 2D1 . and monse CD45 30^1-1 1 
|l3[>j). flow eytomett'v dara were anajy:eed usin^ PCS Express softw^ife. 
hi some cxpennK"i>ts, cells iiarvfsted from hiJ-SClD n>ice. m the pre- 
\>'ioiii section, were combined and Iiujuan leukocyteii recovered by d^:n" 
sily gradiesir cenEiifugViiion (F'icoU J !yp.K|iie) ;nui depletion widi mouse 
Cr>43 inimnnom.tgnetic bculs (MiUenyi !4iotecK ibr subsequent viiro 
CVi, experiments. 

Mouse tissues were fixed m K/X- foniiaiin, paraffin embedded, sec- 
tioned, und stained with hematoxylin and eosin. The degree of lyn^p)»ocytic 
infdmtion was c^?,s<^sed by examination of one to two entire Aill <aee sec- 
lioiis. Liver >va$ scored between 0 {nil lymphocytes) and 2,5 (moderate uifd- 
tJAtion). \x> which i.{} wa.'v added for any focal apopto^is and hepatitis, lung 
was jH,'ori!tl between 0 ^nd .5..5 for (Ictfitree ofpeiivasctdaji- lymphocytic infiltra- 
tion, iiFKl LO added tor any peribronchioiiU' infilttrttion. 

Stftttsrical »»alysis. We tjsed GraphPad Prisni 4.0 (Graphl'ad Software* 
inc.) and SYSTAT 10.2 (SYSTAT Software. Inc), Sumval data were .ma- 
\y7cd using the Kaplan-^Mcicv k»j!;-rank test, with fJonfcrroni corrected 
posrrest multfple comparisons. All other (Jata (low: tr^nsfonued where clCArly 
iion-Gaus?ian lund indiciUt^d in %urc lcj;en(Js) were at^alyzed by ANOV A 
(repeated nieasures where indientfd in lej^ends) and, if smiiiticany signif- 
icant (I* < 0.05). bonf<;rn>nr~eorre<:ted multiple eonipati:«ons postteiits 
were done. 

Online ,^iippleiiientrt1 materiaL I'-ij^. SI shows bf.^tolo^^ of liver froin a 
hu-SCll > nK>use wkii GVl 11) and S'2 ^ihf)■\v'^ huni^tn U^ukocyte engratV 
nient of bu-SCll.) mouw spleejj, boi^ii marJow, and penioiie;^] cavity by 
flow cytometric staining. Fig. S3 d5C!\v^ weight chany^e asKl GVHD scoi'cs for 
imtibody treated ^ttid coiitrc^l hu-SCU-) nucc. whcre^is Rj?, S4 shows bmiian 
leukocyte cnj^i*;Uuuent 3^) d after transplanr in Ikj-SCU) n>ice rreare<l vvirh 
RAa3, r-i$. $^ <>ho\\'% hwimit CMV--spccific C08' ) cells fro?n a l'<AH3- 
treated ku-SCJO n>oii$e. l"ig, S6 showj the effect of RA83 on iti vilro in- 
ductJOft of antileukemic celi lifsc cytotoxicity. Supplemenrary Mner^als and 
methods, with figs. S7"',SUJ ci^ibt;<idt;<k describes the preparation and valida- 
tion of the KA83 aiuibody. Online supplemental material is available at 
li lip:/ /www .jeni, orfi;/c|i;i /con ten t/ full/Jen i. 200707 23/1 ) C I . 
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